Abstract: This short review summarizes our contribution to the coordination chemistry of noble metals (organometallic fragments of Rh, Ir, Ru and hydroxo Pt(IV)) and polyoxocomplexes of niobium and tantalum.
Introduction
The group 5 (V, Nb, Ta) polyoxometalates (commonly defined as anionic polynuclear oxocomplexes) form two large but apparently distinct families, which, despite certain resemblance, show almost no overlap [1] [2] [3] [4] [5] [6] [7] [8] [9] . Vanadium(V) prefers aggregation into decaniobate [V10O28] 6− and rearrangement of this very stable structure (search in CBSD yields about 150 structurally characterized salts of this anion with various organic cations) can be realized only in the presence of PO4 3− as template at low pH, producing a "bicapped" Keggin-type [PV14O42] 9− anion [10] [11] [12] [13] [14] [15] . Vanadium (IV) , to POM adds extra possibilities for the synthesis of hybrid (i.e., combining chemically very different moieties within the same structure) complexes. This development reflects not only academic interest in such compounds, being a logical development of POM chemistry in general, but also is driven by the well-known catalytic properties of many POM complexes of transition metals, in particular, with noble metals [40] .
The second way is to use a metal which forms stable well-defined and water soluble hydroxocomplexes, such as Pt(IV), for which both [Pt(OH) 4 [43, 44] , or be "grafted" as a capping atom. As we will see, the latter is the case.
In this short review, we focus on the recent advances in the field of group V (in particular, Nb and Ta) POM complexes, concentrating on the synthesis of Lindqvist-based POM with incorporated noble metal centers and their potential applications as electrocatalysts for water oxidation. The second part addresses related studies with heteropolyniobiate homologues coordinating noble metal fragments. The third part deals with the current use of analytical tools to unravel the integrity and reaction dynamics in the solution and selected examples are discussed. (Figure 1 ) with the typical Lindqvist-type oxide metal core (metal octahedron with one μ6-, twelve μ2-and six terminal oxygen ligands) decorated at an opposite pair of the triangular {M3O3} faces with two capping organometallic fragments {Cp*Rh} 2+ . In both cases, exclusively trans-isomers crystallize. No cis-isomers were observed in solution or in solid. Both 1 and 2 produce basic solutions in water; 3 mM solutions have the pH value of 8.8 ) in 1 M Na2SO4 exhibited a strong anodic current due to water oxidation already at 0.8 V versus Ag/AgCl. The current (296 μA) at 1.6 V in the presence of the complex was 5.1 times higher than that (57.7 μA) for the blank solution. ) complex as the main product [48] . The progress of the reaction was monitored by ESI-MS as shown in Figure 3 . Pt NMR spectrum with only one signal at 3189 ppm, the same as is observed in the mother liquor. The negative ESI mass spectrum also strongly suggests that the integrity of the dimeric [Nb6O19{Pt(OH)2}]2 12− polyanion is preserved in solution. Oxidation process generates a significant rise in the current for a catalytic process mediated by the complex. The current in the presence of the platinum niobate is several times higher than for the blank solution. This electrochemical behavior is similar to the reported for the nonatungstate complex with a tetrarhodium-oxo core [51] . , which led them to the wrong conclusion about the composition of the product. Surface charge density of telluroniobate is lower than in the hexaniobate, which means that their reactivity might be different. In order to check the significance of this difference, reactivity studies towards noble metal complexes have been extended in our group to the telluroniobate [(OH)TeNb5O19] 6− . Figure 5 . Two other metal positions are fully occupied by niobium. However, this disorder corresponds to four different orientations of a single isomer which is the only possible structure for the trans complex in the solid state. 
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Analytical Tools to Study Solution Speciation in Nb and Ta POM Chemistry
One of the general features of the reactivity of POMs is their lability in aqueous solutions up to the point that such solutions can be regarded as virtual libraries of different building blocks, which equilibrate together and can form different structures depending on counter cations, pH and etc. H NMR Diffusion Ordered Spectroscopy (DOSY), capillary electrophoresis and ESI-MS in concert is underlined. An illustrative example is given to demonstrate the complementarily of all techniques to determine stoichiometry and solution dynamics.
The possibilities of NMR are restricted to the use of 17 O, which unfortunately has very low natural abundance and sensitivity. It was used, for example, to follow the conversion of several niobates in water [66, 67] . However, coordination of organometallic fragments to niobates and tantalates provides new opportunities for use of NMR for solution studies. In particular, structural information can be gained from 1 H NMR signals of the organic ligands attached to the grafted heterometal, which would tell us about the overall symmetry of the compound. Moreover, it is possible to estimate diffusion coefficients from 1 H NMR DOSY of the organic part that can be subsequently used to calculate molecular weight of a particular species. This 1 H DOSY NMR technique is becoming a powerful tool for the determination of the size (hydrodynamic radius) and the molecular weight of inorganic clusters [68] [69] [70] . This technique has not been virtually used in the chemistry of Nb and Ta POM prior to our work.
Another useful tool for solution studies is capillary electrophoresis (CE). It is rarely used in the chemistry of POMs [71, 72] . The possibilities opened up by the use of CE for POMs mixtures were studied in a few cases [73] . Although in these works CE revealed itself as a promising analytical tool, its potential for POM chemistry is far from being fully exploited. Combination of CE, HPLC and other methods (in particular ESI-MS and NMR) can provide sufficient information about quantitative and qualitative composition of solutions, numbers of POM species, and their stability and evolution with time.
Accurate determination of the formulae and structure of new compounds remains an important issue in POM chemistry. In this respect, use of soft ionization mass spectrometric techniques, and in particular, ESI techniques, is becoming widespread. Excellent reviews on the use of soft ionization MS techniques can be found elsewhere; for example, Cronin et al. illustrated the versatility of ESI and cryospray ionization techniques not only for characterization of final POM assemblies, but also to prove mechanisms of self-assembly of supramolecular POM-based architectures in solution [47, 50] . Ohlin et al. reported an important work on this topic highlighting different approaches to obtain reliable information on the dynamic solution of POM on the basis of ESI-MS [47] . However, there are several potential limitations to using ESI-MS alone for the investigation of POM. This is the case when dynamic speciation involving hydroxy-bridged POM species, the pH value, ionic strength or the counteraction plays an important role. In addition, during the ESI process itself, the samples undergo dramatic changes in pH and concentration, which may perturb the speciation equilibrium. Moreover, due to the high charge state and molecular weight, the use of ESI-MS spectrometers equipped with high resolution analysers is important to facilitate unambiguous molecular compositions' determination. In this part, we will discuss a case study, where we used ESI-MS, 1 
ESI(−) mass analysis of Na10-10 in water reveals only the presence of the monomeric 9 6-species, thus indicating that the dimerization depicted in Eq. 1 is a reversible process ongoing from the solution to the solid state and vice versa. The electrophorograms recorded for aqueous solutions of Na 10 -10 and Na 4 -9 are presented in Figure 8 . The solutions of Na 10 -10, to which some amount of Na 4 -9 has been added as reference, give two well-resolved peaks ( Figure 7) . The second peak corresponds to 9, which was confirmed by UV-spectroscopy and by the standard addition method 7,5·10 −2 M borate (pH 9.18).
Conclusions
The chemistry of niobium and tantalum polyoxoanions still belongs to a little researched area of inorganic chemistry. techniques for determination of stoichiometry and solution dynamics, an approach both promising and highly recommendable to trace unambiguously the identity of large inorganic systems [74] .
